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INTRODUCTION
The last few decades have seen a strong worldwide escalation in the consumption of fish and macroalgae in response to increasing awareness of the excellent nutritional value and beneficial effects of these foods on human health. 1, 2 These foods of marine origin have a high economic value for many countries, representing the largest share among agribusiness products on the global market. However, to become them acceptable to the consumer in fresh, frozen or processed form, their excellent sensorial and nutritional qualities and their shelf life must be ensured. In this context, the determination of the water content of seafoods is extremely important, for water strongly affects their microbiological and chemical stability, physical properties and technological processes (processing, storage and distribution), and is also used to determine their nutritional composition. [3] [4] [5] In generally, although the determination of water content is one of the most commonly performed analysis on foodstuffs, it is not an easy task since foods are very complex matrices usually composed of a mixture of polar (proteins and carbohydrates) and apolar substances (lipids), thus requiring great care in the preparation of samples for analysis. 6 On the other hand, water may be present in foodstuffs in at least three different forms and with distinct properties, i.e., free, adsorbed and bound water. 5 Therefore, these two factors -the nature of the sample and that of the waterwill indicate the most suitable method for the determination of a food's water content.
Actually, this determination involves the use of several methods, which are classified as direct or indirect. 3 The direct methods are based on techniques of physical separation of water (desiccation by water transfer, distillation, oven drying), on selective chemical reactions of the water in the sample (Karl Fischer tritation, calcium carbide and calcium hydride methods), or on a combination of both, i.e., on the chemical determination of the water obtained by physical separation (evaporation and Karl Fischer tritation). 5, [7] [8] [9] [10] [11] [12] The indirect methods are based on spectroscopic properties of the water molecule (NMR, NIR, Raman, microwave spectroscopies) or on physical properties of the sample that depend on its water content. 5, 7 In samples of fish and algae of the same species, the morphological and structural differences of the tissues, as well as age, size, collection site or seasonality, affect the total water content. 13 The methods most commonly employed with these types of samples are drying methods (desiccation by water transfer and oven drying), which are based on the sample's mass loss after drying. In the oven-drying procedure, which is most commonly used, the samples are heated to high temperatures (80 -110 ºC) in an oven for a period of approximately 24 h.
14 However, when it comes to algae and fish, this temperature range may cause the decomposition of some components such as lipids, amino acids and carbohydrates, and the volatile substances formation and water, resulting in samples unsuitable for other analyses of interest. 15 These methods also allow for the determination of dry and wet mass of algae and fish samples. Knowledge of the relation between dry and wet mass is required to estimate the quantity of sample to be collected according to the mass necessary for a given analysis. 6, 13 The water content determined by the oven-drying method is usually not exact due to two factors: the measure comprises the mass loss due to water and to all the volatile compounds in the sample or formed during its heating, and, it does not lead to the loss of all the types of water, such as the strongly bound water.
On the other hand, the quantity of water in a food is not, in itself, the principal determinant of the food's stability and safety. What actually matters is the water's availability for reactions of chemical and microbiological deterioration rather than its abundance. Free water is considered to be responsible for this availability, for it is weakly bound to the substrate and acts as a solvent, allowing for the growth of microorganisms and for chemical reactions. The free form of freezable water and its content are expressed as water activity (a w ), 5, 16, 17 which is defined as the ratio of the partial pressure of the water in a mixture (p) to the partial pressure of pure water (p*):
When the concentration of solute approaches zero, i.e., highly diluted solutions, the solvents follow Raoult's law (x A = p A /p A *) and their activity tends toward the fraction in mol. In these conditions, one can say that the activity is approximately equal to the fraction in mol of the solvent, which can be expressed as: (2) where n 1 is the quantity of matter of water and n 2 is the quantity of matter of all the soluble species. Both these magnitudes can be determined experimentally.
The a w is an intrinsic property of the sample, while the moisture depends on the atmosphere in equilibrium with it; however, it should be noted that most of the methods for determining a w depend on the moisture content.
The most common methods for determining a w involve measures based on different principles: psychrometry, cryoscopy, dew-point hygrometry and isopiestic equilibration. [9] [10] [11] [12] 18, 19 Thermal analysis consists of a set of techniques that are very useful in the characterization of biological materials, since they reduce the quantity of sample and the time of analysis, preventing errors in the handling of the samples, allowing for the simultaneous determination of moisture content, dry mass and ashes, and providing information about the temperatures and heat of crystallization or fusion and of vaporization, as well as a certain level of specificity when allied to other techniques. 16 In this work, thermoanalytical techniques were employed to develop a simple and precise method to determine the a w from the moisture content obtained by thermogravimetry (TGA) and the cryoscopic depression by differential scanning calorimetry (DSC) of samples of different algae species subjected to different forms of pretreatment and preservation, and of fish collected in the coastal waters of the state of Bahia, Brazil. The results of these analyses provide a good biomass indicator to estimate the quantity of sample to be collected as a function of the mass required for a given analysis and to estimate the stability and microbiological safety of algae and fish used as foods.
EXPERIMENTAL Sample collection and preparation

Algae
Marine algae were collected in the intertidal zone at low tide on the Atlantic coastal waters of Bahia, Brazil (13 0 01'S and 38 0 31'W). The samples were stored immediately on ice in a polystyrene box and transported to the laboratory.
The algae were cleaned thoroughly to remove epiphytes, small invertebrates and sand particles and gently washed in purified water, after which they were subjected to differents pretreatments: washing in seawater and immediate analysis; washing in seawater, packaging in polyethylene bags, and storage in a commercial freezer at -15 ºC until required for analysis; washing in distilled water and immediate analysis; washing in distilled water, packaging in polyethylene bags, and storage in a commercial freezer at -15 ºC until required for analysis On the day of the analyses, the stored algae were reconditioned with distilled and/or seawater. Excess water was allowed to drain from the samples, after which they were dried on filter paper.
The algae species studied were Caulerpa cupressoides, Caulerpa racemosa, Hypnea musciformis, Sargassum vulgare, Dictyosphaeria versluysii, Padina sp. and Ulva lactuca.
Fishes
Two fish species of the family Lutjanidae (red fish) were studied: Lutjanus synagris and Ocyurus chrysurus. Fresh fish caught in the coastal waters of Bahia, Brazil (13º01'S, 38º31'W) were purchased at the local market. Upon arrival at the laboratory, each species was washed with distilled water. The flesh was removed, washed, placed in a food processor (Triton-Arno) and blended into a fine purée.
Thermogravimetric analysis (TG)
The thermogravimetric curves were obtained using a Shimadzu TGA-50H thermobalance in a dynamic atmosphere and under the various analytical conditions described in Table 1 . The samples, with a mass of ~5 mg, were first heated from room temperature (27 ºC) to 700 ºC, at a heating rate of 10 ºC min -1 , in a platinum cell. After the exploratory study, another heating program was established to determine the moisture content, which consisted of heating at a rate of 5 ºC min -1 up to 60 ºC, holding the material at this temperature for 30 min.
The cryoscopic depression studies were conducted using differential scanning calorimetry in a Shimadzu DSC-50 cell under a dynamic atmosphere of N 2 and a 50 mL min -1 flow. The samples were cooled to -20 ºC in liquid nitrogen and then heated at a rate of 5 ºC min -1 until they reached -10 ºC. At this point the heating rate was lowered to 1 ºC min -1 up to a temperature of 5 ºC, after which the initial heating rate was applied until the samples reached room temperature. The experiments were carried out in an aluminum cell, using as reference an empty aluminum cell.
RESULTS AND DISCUSSION
The profile of the thermogravimetric curves obtained for different samples of the same species of alga displayed a great similarity (Figure 1) . When heated at a rate of 10 ºC min -1 in an air ( Figure 1a , b and c) or nitrogen atmosphere (Figure 1d ), they showed a fairly significant initial mass loss from room temperature up to about 108 ºC in one stage, suggesting the dehydration takes place with loss of one type of water (free water), followed by two more stages of mass loss, at circa of 240 and 580 ºC, until the formation of ashes at ~650 ºC. These two stages (240 and 580 ºC) are due to losses of organic compounds and sample decomposition.
In order to establish the best analytical conditions for the thermogravimetric determination of moisture in algae samples, an exploratory study was carried out using different atmospheres and heating programs in the oven. Ulva lactuca, an alga species, was selected for this study. Table 1 lists the samples' pretreatment data, as well as the values of moisture found in this study.
By definition, dry mass is a sample's mass after all the free water has been removed from it, a value which is found by subtracting the moisture content from the wet mass. The average value of the dry mass of alga samples of the Ulva lactuca species obtained here was 20.2% with a standard deviation of 4.24%. These results provided a good indicator of the biomass to estimate the quantity of sample to be collected according to the mass required for a given analysis.
The TG curves obtained from the fish samples ( Figure 2 ) showed a profile similar to that of Ulva lactuca, with a significant mass loss up to 150 ºC resulting from dehydration, and two subsequent losses, at circa of 280 -400 ºC and 520 -620 ºC, until ashes were formed at about 800 ºC.
Based on these experiments, the conditions established for the analysis of fish and algae were temperature of heating rate of 10 ºC min -1 in nitrogen. The thermogravimetric curve of each algae and fish species is given in Figures 3 and 4 , respectively.
A sample mass of about 5 mg of the alga species Ulva lactuca lost all its moisture in less than 14 min, while the Caulerpa racemosa species took about 31 min to dehydrate under the same conditions ( Figure 3 ). Table 2 lists the values of moisture and average dehydration times of the different species of algae and fishes evaluated here; all analyses were performed in triplicate. In addition, different parts of the same specimen of Sargassum vulgare were analyzed, revealing moisture varying from 58.5 to 78.5%. The average moisture content of the phyllode is about 58%, while that of the receptacle is around 78%, and the average moisture content of a mixture of the different parts is 72.9%. The thermogravimetric curve of fish species is given in Figures 4. A sample mass of about 5 mg of the fish species Lutjanus synagris lost all its moisture in less than 13 min, while the Ocyurus chrysurus species took about 20 min to dehydrate under the same conditions (Figure 4) The fish samples presented average moisture values of 76.3% for the species Lutjanus synagris and 63.3% for the species Ocyurus chrysurus (Table 2) . These findings are similar to those described in the literature for saltwater fish, whose moisture content lies within the range of 66 to 84%. 20 The low standard deviations and the good reproducibility of the measures confirm that thermogravimetry is an excellent technique for determining moisture in biological samples, since it precludes heating of the sample for a period of 24 h at a temperature of 60 ºC, which, in addition to requiring longer times for analyses, involves high consumption of electric energy.
The water activity (a w ) is determined by measuring the lowering of the freezing or fusion point of the water (cryoscopic depression), which is a colligative property and, as such, depends exclusively on the number of particles present in the solvent, and not on the nature of those particles (Equation 3).
ΔT f = cryoscopic depression; K f = cryoscopic constant (for water, 1.86 K mol kg -1 ); b = molality (b = n 2 /m solvent (kg) ) In this work, the cryoscopic depression of the water in algae and fish was measured by DSC in order to evaluate its stability and microbiological safety. The DSC curves of all the samples studied here displayed an endothermic peak corresponding to fusion (Fi- Complete dehydration takes place in 13.78 min nd= no determined gure 5), which enabled us to determine the values of onset temperature of water fusion in these systems (Table 3) .
With these results, the mass of the samples and the thermogravimetrically determined values of moisture, it was possible to calculate the quantity of matter of solute (n 2 ), using Equation 3. Table 3 lists the values of water activity (a w ) calculated from Equation 2 .
The values of water activity found in the algae studied here fell within the range of 0.974-0.979. These results allowed us to estimate the average a w in samples of this type, since no record was found in the literature for the determination of this parameter in algae samples. On the other hand, the values found for the fish species lay within an interval of 0.946 to 0.960. These values are consistent with those found in the literature for Nile tilapia (Orechromis niloticus), which presents 1.0 water activity in the fresh fillet. Yeast and bacterial growth may occur in this range of water activity (0.9-1.0). The limit value established by the FDA (Food and Drug Administration), the American food and drug regulatory body, is 0.85 when the pH is 4.5, only below this value is there no growth of pathogenic bacteria. The storage temperature recommended for meat products with a w of more than 0.95 and pH above 5.2 is below -5 ºC. 
